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CARBOHYDRATE-BASED SYNTHETIC VACCINES FOR HIV 



BACKGROUND OF THE INVENTION 
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Field of the Invention 

The present invention generally relates to vaccines, and more particularly, to an HIV 
vaccine comprising immunogenic high-mannose type oligosaccharide clusters that 
10 mimics the HIV carbohydrate antigen having an affinity for the HIV-1 neutralizing 
antibody 2G12. 

Background of the Related Art 

15 HIV is a member of the lentivirus family of retroviruses. Retroviruses are small- 
enveloped viruses that contain a single-stranded RNA genome, and replicate via a 
DNA intermediate produced by a virally encoded reverse transcriptase, an RNA- 
dependent DNA polymerase. 

20 The HIV viral particle comprises a viral core, composed in part of capsid proteins, 
together with the viral RNA genome and those enzymes required for early repUcative 
events. A myristylated gag protein forms an outer shell around the viral core, which 
is, in turn, surrounded by a Upid membrane envelope derived from the infected cell 
membrane. The HIV envelope surface glycoproteins are synthesized as a single 160- 

25 kilodalton precursor protein, which is cleaved by a cellular protease during viral 
budding into two glycoproteins, gp41 and gpl20. gp41 is a transmembrane 
glycoprotein and gpl20 is an extracellular glycoprotein, which remains non-covalently 
associated with gp41, possibly in a trimeric or multimeric form. 



30 



Based on stmctural analysis, HIV-1 gpl20 contains multiple high-mannose type N- 
glycans. These discontinuous oligosaccharide chains are grouped together to form a 
unique ohgosaccharide microdomain. This high-mannose oligosaccharide grouping to 
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fonn an epitope site has not been found in any human glycoproteins and is unique to 
HIV-1. 

The worldwide epidemic of the human inununo-deficiency virus type 1 (HIV- 1) urges 
5 the development of an effective HIV vaccine. Yet, it has been difficult to design 
effective immunogens that are able to elicit broadly neutrahzmg antibodies against 
mV-l primary isolates. In addition to sequence variabiUty of neutralizing epitopes, 
HIV-1 has also evolved other mechanisms to evade immune attack, includuig change 
of conformations, shielding of conserved epitopes through heavy glycosylations, and 
10 formation of compact glycoprotein complexes (envelope spikes) that hinder the 
accessibility of epitopes to immune responses. It becomes clear that a successful 
strategy in developing an effective HIV-1 vaccine reUes on the identification of 
conserved epitopes on HIV-1 that are accessible to neutralization and on the design of 
epitope-based immunogens that stimulate high immune responses, 

15 

So far, only a few human monoclonal antibodies (MAbs) have been identified that are 
able to neutralize a broad range of HIV-1 primary isolates. These inclnde MAbs bl2 
and 2G12 that target the outer envelope glycoproteui gpl20, and MAbs 2F5 and 4E10 
that target the inner envelope glycoprotein gp41. The broadly neutralizing abilities of 

20 these MAbs implicate the existence of consented and accessible antigenic 
determinants, i.e., epitopes, on the surface of most HIV-1 primary isolates. Passive 
immunization using these MAbs either alone or in combination has shown that these 
MAbs protect against HIV-1 challenge in animal models when present at sufficient 
concentrations prior to or shortly after exposure(12). However, results have been 

25 limited and determinative by concentration and ongoing re-immunization. 

Among the broadly HIV-1 neutralizing antibodies so far identified, the human 
monoclonal antibody 2G12 is the only one that directly targets the surface 
carbohydrate antigen of HIV- 1. Several pieces of evidence suggest that the epitope of 
30 2G12 is a unique cluster of high-mannose type oligosaccharides (oilgomannose) on 
HIV-1 gpl20. Initial mutational studies indicated that the oligomannose sugar chains 
at the AT-glycosylation sites N295, N332, N339, N386, N392, and N448 might be 
involved in 2G12 recognition (9). Two recent studies further proposed that the 
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epitope of 2G12 might consist of several Manal-2Maii-liDked moieties contributed by 
the oUgomamose sugar chains at sites N295, N332, and N392 fliat form a unique 
cluster on gpl20 (81, 82). 

5 However, HIV-1 gpl20 expresses an array of high-mannose oligosaccharides ranging 
from Mans, Man6, to Mang on these sites (76-78). These diverse oligomannose 
glycoforms of the 2G12 epitope on HIV-1 gpl20 are likely to dilute any potential 
immune response to the epitope. This may partially explain why gpl20 itself raises a 
limited number of 2G12-like antibodies. Further, carbohydrates themselves are 
10 generally poor immxmogens, which may explain why 2G12-like neutralizing 
antibodies are rare in natural infection. Thus, it would be advantageous to provide a 
representative carbohydrate stracture that would increase production of 2G12 
neutralizing antibodies and that could be used as a component in a ther^eutic 
composition. 

15 

SUMMARY OF THE INVENTION 

The present invention relates to a constructed oligosaccharide cluster, optionally 
bonded to an immunogenic protein, that can be admiaistered to a subject to induce an 
20 immune response for increasing production of neutralizing antibodies, such as 2G12, 
that bind to a conserved cluster of ohgosaccharide sugars on gpl20 and/or used in 
assays as reactive sites for determining compounds that inactivate and/or bind the a 
conserved cluster of oligosaccharide sugars on gpl20. 

25 In one aspect, the present invention relates to at least one high-mannose 
oligosaccharide positioned on a scaffolding framework or molecule that is conjugated 
to an immunogenic protein to form a high-mannose oligosaccharide/protein cluster 
thereby generating an immune enhancing vaccine. 

30 La another aspect, the present invention relates to a novel high-mannose 
oligosaccharide cluster comprising at least one higji-mannose oligosaccharide 
assembled on a monosaccharide scaffold to provide the first generation of novel, 
carbohydrate-based HTV-l vaccine. 
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In yet another aspect, the present invention relates to a vaccine comprising an 
oligosaccharide cluster covalently attached to a scaffolding jframework, which in turn 
is conjugated to an immunogenic protein. The general design of such a vaccine is 
5 shown in Figure 2, where Man9 represents the major higli-mannose type 
oligosaccharide structure found on HIV-1 gpl20, and the immunogenic protein can be 
any potent immime-stimulating carrier protein such as KLH (keyhole limpet 
hemocyanin). The number of the oligosaccharide chains attached to the scaffold 
could be 2, 3, 4, or more. 

10 

Another aspect of the present invention relates to methods for generating an 
oUgosaccharide cluster comprising the steps of: 

covalently linkmg or attaching at least one higji-mannose oligosaccharide 
chain to a scaffold molecule to generate an oligosaccharide cluster that mimics an 

15 antigenic structure having affinity for 2G12 antibodies. The high-mannose 
oligosaccharide chains may be obtained from the digestion of soybean agglutinin or 
produced by chemical synthesis. High-mannose oligosaccharide chains can include 
any structural variant of Mang (containing 9 mannose residues), Mangi, Man?, Mane, 
Mans or a combination thereof Any combination of these high-mamiose 

20 oligosaccharide chains may be attached to a scaffolding framework which may 
include, but is not limited to, monosaccharides, cyclic peptides, cyclic organic 
compounds, or compounds such as. 1 1-bis-maleimidetetraethyleneglycol. 

hi yet another aspect, the present invention relates to antibodies, including polyclonal 
25 and monoclonal, and production thereof, wherein the antibody is unmunoreactive with 
an ohgosaccharide cluster and/or an oUgosaccharide/protein cluster of the present 
invention. 

hi still a fiirther aspect, the present invention contemplates a process for producmg an 
30 antibody, which is immunoreactive with an oligosaccharide cluster and/or an 
oligosaccharide/protein cluster of the present invention comprising the steps of: 

(a) introducing the oligosaccharide cluster and/or the oligosaccharide/protein 
cluster into a live animal subject; and 
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(b) recovering antisera comprising antibodies specific for the oligosaccharide 
cluster and/or the oligosacchaiide/protein cluster. 

Another aspect relates to a diagnostic testing system for detecting HIV-1 infection, the 
5 testing system comprising: 

contactuig a biological sample being tested for occurrence of HIV-1 virus with 
antisera specific for a high-mannose oligosaccharide cluster of the present invention 
that mimics a carbohydrate antigenic structure having affinity for 2G12 antibodies; 
and determining binding between the antisera and the biological sample. 

10 

In another aspect, the present invention contemplates a diagnostic kit for detecting the 
presence of 2G12 antibodies in a biological sample, wherein the kit comprises a first 
container contaming an oligosaccharide cluster of the present invention capable of 
immunoreacting with a 2G12 neutralizing antibody in the biological testing sample. 
15 Preferably, the kit of the invention further comprises a second container containing a 
second antibody with an indicator that immunoreacts with a binding antibody to the 
oligosaccharide cluster of the present invention. 

Alternatively, the present invention provides a process for detecting candidate 
20 compounds that potentially interact with a conserved cluster of oligomannose sugars 

on gpl20, the process comprising: 

contacting the candidate compound with an oligosaccharide cluster and/or an 
oligosaccliaride/protein cluster of the present invention; and 

determining the binding affinity of the candidate compound for the 
25 oligosaccharide cluster and/or an oligosaccharide/protein cluster of the present 
invention. 

Another aspect of the present invention relates to a method to induce production of 
neutralizing 2G12 antibodies, the method comprising: 
30 administering to a subject a composition comprising an oligosaccharide cluster 

and/or an oligosaccharide/protein cluster of the present invention in an effective 
amount to induce production of neutralizing 2G12 antibodies. 
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la still another aspect, the present invention relates to a method of treating an HIV-1 
virus infection, comprising: 

administering to a patient a composition comprising a therapeutically effective 
amount of the oligosaccharide cluster and/or an oligosaccharide/protein cluster to 
5 induce prolonged production of neutralizing antibodies, wherein the neutralizing 
antibodies have an affinity for a conserved cluster of ohgosaccharide sugars on gpl20. 

Yet another aspect relates to a method of making a high-mannose 
oligosaccharide/protein cluster comprising the steps of a) covalently attaching high- 
10 mannose oligosaccharides to a scaffolding molecule to form the oligosaccharide 
cluster; and b) covalently attaching an immunogenic carrier protein to the 
oligosaccharide cluster to form the high-mannose oligosaccharide/protein cluster. 

The high-mannose oligosaccharide/protein cluster of the present invention may be 
15 administered alone or in a pharmaceutical composition as a vaccine in a 
therapeutically effective amount to elicit an enhanced immune response or a 
protective immune response in an animal. 

The compositions of the present invention may fiirther comprise at least one antiviral 
20 agent. The antiviral agent may include any agent that inhibits entry into a cell or 
replication therein of an infectious virus, and specifically retroviruses, such as HIV 
viruses. The antiviral agents include, but not limited to nucleoside RT inhibitors, 
CCR5 inhibitors/antagonists, viral entry inhibitors and their fimctional analogs. 

25 The pharmaceutical compositions may be administered alone or in combination with a 
therapeutically effective amount of at least one antiviral agent, including, but not 
limited to: 

nucleoside RT inhibitors, such as Zidovudine (ZDV, AZT), Lamivudine (3TC), 
30 Stavudine (d4T), Didanosine (ddl), Zalcitabine (ddC), Abacavir (ABC), Emirivine 
(FTC), Tenofovir (TDF), Delavhadine (DLV), Efavirenz (BFV), Nevirapme (NVP), 
Fuzeon (T-20), Saquinavir (SQV), Ritonavir (RTV), Indinavir (IDV), Nelfinavir 
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(NFV), Amprenavir (APV), Lopinavir (LPV), Atazanavir, Combivir (ZDV/3TC), 
Kaletra (RTV/LPV), Trizivir (ZDV/3TC/ABC); 

CCR5 inhibitors/antagonists, such as SCH-C, SCH-D, PRO 140, TAK 779, TAK-220, 
5 RANTES analogs, AK602, UK-427, 857, monoclonal antibodies; 

viral entry inhibitors, such as Fuzeon (T-20), NB-2, NB-64, T^649, T-1249, SCH-C, 
SCH-D, PRO 140, TAK 779, TAK-220, RANTES analogs, AK602, UK-427, 857; 
and functional analogs or equivalents thereof 

10 

Yet still another aspect relates to a method of increasing the affinity of epitope mimics 
of the present invention to gpl20 comprising manipulating the spatial orientation of 
high-mannose oligosaccharide chains on a scaffolding framework to create antibodies 
exhibiting higji-affinity multivalent interaction witii a conserved cluster of 
15 oligomannose sugars on gpl20. 

These and other aspects of the present invention, will be apparent from the detailed 
description of the invention provided heremafter 

20 BREIF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates Mab 2G12 as described in the prior art by Trkola, et al 1996. 

Figure 2 illustrates the general structure of the conjugate vaccine of the present 
25 invention. 

Figure 3 shows the acetylation of ManpGlCNAcaASn. 

Figure 4 shows a synthesis scheme of a galactose-based template for attachment of 
30 high-mannose oUgosaccharide chains. 

Figure 5 shows assembly of high-mannose oligosaccharide chains onto a galactose- 
based template. 
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Figure 6 shows conjugation of the oligosaccharide cluster to a carrier protein. 



Figure 7 shows conjugation of a high-mannose oligosaccharide chain to a carrier 
protein. 

5 

Figure 8 shows the structure of a high-mannose oUgosaccharide cluster. 

Figure 9 shows the introduction of a sulfliydryl group onto Man9GlcNAc2Asn. 
Reaction conditions: (a) phosphate buffer (pH 7.4) containing 30% MeCN, r.t., 2 h; 
10 (b) hydroxylamine (0.5 M), EDTA (25 mM) in phosphate buffer (pH 7.5), r.t, Ih. 

Figure 10 shows ligation between the maleimide cluster 5 and the thiol 
oligosaccharide derivative 4. Reaction conditions: (a) phosphate buffer (pH 6.6, 50 
mM) contaming 40% MeCN, r.t, 1 h. 

15 

Figure 11 shows ligation between the bivalent scaffold 7 and the thiol oligosaccharide 
derivative 4. Reaction conditions: (a) phosphate buffer (pH 6.6), r.t., 1 h. 

Figure 12 shows ESI-MS and HPLC profile of the tetra-Man9 cluster (i.e., Tetra- 
20 Man9, as shown in Figure 1 5). 

Figure 13 shows structures of typical HIV-1 high-mannose oligosaccharides. 

Figure 14 shows inhibition of 2G12 binding to gpl20 by high-mannose type 
oligosaccharides of the present invention. 2G12 binding (%) was plotted against the 
25 log of competing carbohydrate concentrations in micromolar units. Triangle, 
MansGlcNAc; solid circle, Man^GlcNAc; solid square, ManpGlcNAc. 

Figure 15 shows structures of galactose-based maleimide clusters and synthetic 
oligoniannose clusters. 
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Figure 16 shows inhibition of 2G12 binding to gpl20 by synthetic oligomannose 
clnsters. 2G12 binding (%) was plotted against the log of competing carbohydrate 
concentrations in micromolar units. Solid diamond, Man9GlcNAc2Asn; open triangle, 
Manp-dimer; solid triangle, Bi-Manp; open circle, 

5 

DETAILED DESCRIPTION OF THE INVENTION 

In order to facilitate review of the various embodiments of the invention and provide 
an understanding of the various elements and constituents used in making and \ising 
10 the present mvention, the following temis used in the invention description have the 
following meanings. 

Defmitions 

15 The term "oligosaccharide cluster," as used herein, is a scaffold comprising at least 
one high-maimose oligosaccharide chain. 

The term "oligosaccharide/protem cluster," as used herein means a high-mannose 
oHgosaccharide cluster attached to an unmune stimulating carrier protein. 

20 

The term "immunogenic protein," as used herein, means a protein suitable for 
conjugation to the oligosaccharide cluster including, but not limited to keyhole limpet 
hemocyanin, tetanus toxoid, diphtheria toxoid ,bovine serum albumin, ovalbumin, 
thyroglobulin, myoglobin, cholera toxin P-subunit, immunoglobulin and/or 
25 tuberculosis purified protein derivative. 

The term "scaffold or scaffolding," as used herein means a structure whereby 
oligosaccharide chains are attached, wherein the structure may include, but is not 
hmited to monosaccharides, cyclic peptides and/or cyclic organic compounds. 

30 

A method of treating a viral infection is meant herein to include "prophylactic" 
treatment or "therapeutic" treatment. A "prophylactic" treatment is a treatment 
administered to a subject who does not exhibit signs of a disease or who exhibits early 
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signs of the disease for the pmpose of decreasing the risk of developing pathology 
associated with the disease. 



The term "therapeutic," as used herein, means a treatment administered to a subject 
5 who exhibits signs of pathology for the purpose of diminishing or eliminating those 
signs. 

The term "therapeutically effective amount," as used herein means an amount of 
compound that is sufficient to provide a beneficial effect to the subject to which the 
10 compound is administered. A beneficial effect means rendering a virus incompetent 
for replication, inhibition of viral rephcation, inhibition of infection of a further host 
cell, or increasing CD4 T-cell count, for example. 

The term "specific binding," as used herein, in reference to the interaction of an 
15 antibody and a protein or peptide, means that the interaction is dependent upon the 
presence of a particular structure (i.e., the antigenic determinant or epitope) on the 
protein; in other words, the antibody is recognizing and bmding to a specific protem 
structure rather than to proteins in general. 

20 As used herein, the term "antibody" refers to intact molecules as well as fragments 
thereof, such as Fa, F(ab')2, and Fv, which are capable of binding the epitopic 
determinant. 

The Invention: 

25 

Ohgosaccharide Clusters and Oligosaccharide/immunogenic protein Clusters 

The present invention relates to high-maimose oligosaccharide clusters comprising at 
least one high-mannose oligosaccharide covalently attached or hnked to a scaffold 
30 thereby fonning a high-mannose oligosaccharide cluster. The high-mannose 
oligosaccharide is selected firom the group consisting of Man9 Mang, Man?, Man5, 
Mans and any combination thereof The high-mannose oligosaccharide can be 
isolated firom soybean agglutinin or synthesized by techniques well known to one 

10 
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skilled in the art. Preferably, the scaffold framework comprises at least two high- 
mannose oligosaccharides, and more preferably, four Man9 are covalently linked to 
the scaffolding. 

5 The present invention fbrther comprises linldng the higli-maniiose oligosaccharide 
cluster to an immunogenic protein thereby inducing production of antibodies having 
an affinity for the high-mannose oligosaccharide cluster. Preferably, the high- 
mannose oUgosaccharide cluster comprises at least two mannose ohgosaccharides 
covalently attached to a monosaccharide scaffold and the oligosaccharide cluster is 

1 0 covalently attached to keyhole limpet hemocyanin acting as the immxmogenic protein. 

The high-mannose oligosaccharide clusters and oligosaccharide/immunogenic protein 
clusters of the present invention may be administered as vaccines with various 
pharmaceutically acceptable earners. Phannaceutically acceptable carriers includes 

15 those approved for use in animals and humans and include diluents, adjuvants, 
excipients or any vehicle with which a compound, such as multivalent peptides and/or 
maleimide clusters, is administered. Pharmaceutically acceptable carriers include but 
are not limited to water, oils, saline, dextrose solutions, glycerol solutions, excipients 
such as starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, 

20 sodium stearate, glycerol monostearate, talc, sodium chloride, powdered non-fat milk, 
propylene glycol and ethanol. Pharmaceutical compositions may also include wetting 
or emulsifying agents, or pH buffering compounds. 

It becomes clear that a successful strategy in developing an effective HTV-l vaccme 
25 relies on the identification of conserved epitopes on HIV-1 that are accessible to 
neutralization and on the design of epitope-based inununogens that stimulate high 
immune responses. In searching for conserved and accessible antigenic structures for 
vaccine design, a well known and yet not adequately exploited target, the surface 
carbohydrate stmctures of HIV-1 gpl20 was selected. 

30 

Based on structural analysis, HIV-1 gpl20 contains multiple high-mannose type N- 
glycans. These discontinuous oligosaccharide chains are clustered together to form a 
unique oUgosaccharide microdomain. The high-mannose oligosaccharide cluster has 

11 
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not been found in any glycoproteins and is unique to HIV-1. In addition, recent 
studies suggest that the high-mannose oligosaccharide cluster may constitute the 
actual epitopes of the broadly neutralizmg 2G12. 

5 Pharmaceutical Compositions 

The present invention provides for compositions comprising at least one high- 
mannose oligosaccharide complex or high-mannose oligosaccharide/protein complex 
and optionally at least one antiviral agent, as well as methods of enhancing an immune 

10 response thereby inducing increased production of neutralizing HIV antibodies for 
treating and/or reducing the effects of HIV. The methods comprise administering said 
compositions comprising the one high-mannose oligosaccharide complex or high- 
mannose oligosaccharide/protein complex and optionally antiviral agents, wherein the 
two compounds can be administered, separately, simultaneously, concurrently or 

15 consecutively. 

Anti-viral compounds 

In one aspect the compositions and methods of the present invention may further 
20 comprise a therapeutically effective amount of at least one antiviral agent, including, 
but not limited to nucleoside RT inhibitors, CCR5 inhibitors/antagonists, viral entry 
inhibitors and functional analogs thereof 

Preferably, the antiviral agent comprises nucleoside RT mhibitors, such as Zidovudme 
25 (ZDV, AZT), Lamivudine (3TC), Stavudine (d4T), Didanosine (ddl), Zalcitabine 
(ddC), Abacavir (ABC), Emirivine (FTC), Tenofovn (TDF), Delaviradine (DLV), 
Efavirenz (EFV), Nevirapine (NVP), Fuzeon (T-20), Saquinavir (SQV), Ritonavir 
(RTV), Indinavir (BDV), Nelfinavir (NFV), Amprenavir (APV), Lopinavir (LPV), 
Atazanavir, Combivir (ZDV/3TC), Kaletra (RTV/LPV), Trizivir (ZD V/3TC/ABC); 

30 

CCR5 inhibitors/antagonists, such as SCH-C, SCH-D, PRO 140, TAK 779, TAK-220, 
RANTES analogs, AK602,.UK-427, 857, monoclonal antibodies; 



12 



wo 2004/033663 PCT/US2003/032496 

viraJ entry inhibitors, such as Fuzeon (T«20), NB>2, NB'64, T-649, T-1249, SCH-C, 
SCH-D, PRO 140, TAK 779, TAK-220, RANTES analogs, AK602, UK.427, 857; 
and functional analogs thereof. 

5 Methods for Preventing and/or Treating a Viral Infection 

The compositions and methods of the present invention can be used to treat or reduce 
effects of HIV viral infection in a subject potentially exposed to the infection. At least 
one high-mannose oligosaccharide complex or high-maonose oligosaccharide/protein 
10 complex of the present invention may be administered for the treatment of HTV either 
as single therapeutic agents or when used in combination with antiretroviral drugs, 

A composition of the present invention is typically administered parenterally in 
dosage unit formulations containing standard, well-known nontoxic physiologically 
15 acceptable carriers, adjuvants, and vehicles as desired. The term parenteral as used 
herein includes intravenous, intramuscular, intraarterial injection, or infusion 
. techniques. 

Injectable preparations, for example sterile injectable aqueous or oleaginous 

20 suspensions, are formulated according to the Icnown art using suitable dispersing or 
wetting agents and suspending agents. The sterile injectable preparation can also be a 
sterile injectable solution or suspension in a nontoxic parenterally acceptable diluent 
or solvent, for example, as a solution in 1,3-butanediol. 

25 Among the acceptable vehicles and solvents that may be employed are water, Ringer's 
solution, and isotonic sodium chloride solution. In addition, sterile, fixed oils are 
conventionally employed as a solvent or suspending medium. For this purpose any 
bland fixed oil can be employed including synthetic mono- or di-glycerides. In 
addition, fatty acids such as oleic acid find use in the preparation of injectables. 

30 Preferred carriers include neutral saline solutions buffered with phosphate, lactate, 
Tris, and the hke. 
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The compositions of the invention are administered in substantially non-toxic dosage 
concentrations sufficient to ensure the release of a sufficient dosage unit of the present 
complexes into the patient to provide the desired inhibition of the HIV virus. The 
actual dosage administered will be detemiined by physical and physiological factors 

5 such as age, body weight, severity of condition, and/or clinical history of the patient. 
The active ingredients are ideally administered to achieve in \avo plasma 
concentrations of an antiviral agent of about 0.01 nM to about 100 mM, more 
preferably about 0.1 to 10 mM, and most preferably about 1-5 mM, and of a high- 
maimose oligosaccharide complex or high-mannose oligosaccharide/protein complex 

10 of about 1 m.M-25mM, more preferably about 2-20 «M, and most preferably about 5- 
10 «M. It will be understood, however, that dosage levels that deviate from the ranges . 
provided may also be suitable in the treatment of a given viral infection. 

Therapeutic efficacy of the high-mannose oligosaccharide complexes or high- 

15 mannose oligosaccharide/protein complexes can be determined by standard 
pharmaceutical procedures in cell cultures or experimental animals, e.g., for 
determining The LD50 (The Dose Lethal To 50% Of The Population) and The ED50 
(the dose therapeutically effective in 50% of the population). The dose ratio between 
toxic and therapeutic effects is the therapeutic mdex and it can be expressed as the 

20 ratio LD50/ED50. Compounds, which exhibit large therapeutic indexes, are 
preferred. The data obtained from the cell culture assays and animal studies can be 
used in fonnulating a range of dosage for use in humans. The dosage of such 
compounds lies preferably within a range of circulating concentrations that include the 
BD50 with little or no toxicity. The dosage may vary within this range depending 

25 upon the dosage form employed and the route of administration utilized. For any 
compound used in the method of the invention, the therapeutically effective dose can 
be estimated initially from cell culture assays. A dose may be formulated in animal 
models to achieve a circulating plasma concentration range that includes the IC50 
(i.e., the concentration of the test compound which achieves a half-maximal inhibition 

30 of symptoms) as deteiinined in cell cultui-e. Such information can be used to more 
accurately detennine useful doses in humans. Levels in plasma may be measured, for 
example, by high performance liquid chromatography. 
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Further, the therapeutic cx)mpositions according to the present invention may be 
employed in combination with other-therapeutic agents for the treatment of viral 
infections or conditions. Examples of such additional therapeutic agents include 
agents that are effective for the treatment of vnal infections or associated conditions 
5 such as immimomodulatory agents such as thymosin, ribonucleotide reductase 
inhibitors such as 2-acetylpyridine 5-[(2-chloroanilino) thiocarbonyl) 
thiocarbonohydrazone, uiterferons such as alpha -interferon, 1- beta -D- 
arabinofuranosyl-5-(l-propynyl)uracil, 3*-azido-3'-deoxythymidine, ribavirin and 
phosphonofonnic acid. 

10 

In still another embodiment, the present invention provides antibodies 
immunoreactive with the high-mannose oligosaccharide complexes or high-mannose 
oligosaccharide/protein complexes of the present invention. The antibodies may 
include both monoclonal and polyclonal. 

15 

Briefly, a polyclonal antibody is prepared by immunizing an animal with an 
inununogen comprising a high-mannose oligosaccharide complex or higji-mannose 
ohgosaccharide/protein complex of the present invention, and collecting antisera from 
that imniunized animal. A wide range of animal species can be used for the 
20 production of antisera. Typically an animal used for production of antisera is a rabbit, 
a mouse, a rat, a hamster or a gumea pig. Because of the relatively large blood 
volume of rabbits, a rabbit is a preferred choice for production of polyclonal 
antibodies. 

25 Exemplary and preferred haamunogenic proteins are keyhole limpet hemocyanin 
(KUH) and bovine serum albumin (BSA). Other albumins such as ovalbumin, mouse 
serum albumin or rabbit serum albumin can also be used as carriers. Means for 
conjugating the high-mannose oligosaccharide complex or high-mannose 
oligosaccharide/protein complex are well known m the art and uiclude glutaraldehyde, 

30 M maleimidobenzoyl-N-hydroxysuccinimide ester, carbodiimide and bis-biazotized 
benzidine. 
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lininmiogenicity to a particular immunogen can be enhanced by the use of non- 
specific stimulators of the inmiune response known as adjuvants. Exemplary and 
prefenred adjuvants include complete Freund*s adjuvant, incomplete Freund's 
adjuvants and almninum hydroxide adjuvant. 

5 

The amount of immunogen used for the production of polyclonal antibodies varies 
inter aha, upon the nature of the immunogen as well as the animal used for 
immunization. A variety of routes can be used to administer the immunogen 
(subcutaneous, intramuscular, intradermal, intravenous and intraperitoneal). The 
10 production of polyclonal antibodies is monitored by sampling blood of the immunized 
animal at various points following immunization. When a desired level of 
iimnunogenicity is obtained, the immunized animal can be bled and the serum isolated 
and stored. 

1 5 Typically, a monoclonal antibody of the present invention can be readily prepared by a 
technique which involves first immunizing a suitable animal with a selected antigen 
(e.g., the high-mannose oligosaccharide complexes or high-mannose 
oligosaccharide/protein complexes of the present invention) in a manner sufficient to 
provide an immune response. Rodents such as mice and rats are preferred animals. 

20 Spleen cells from the immunized animal are then fused with cells of an immortal 
myeloma cell. Where the immunized animal is a mouse, a preferred myeloma cell is a 
murine NS-1 myeloma cell. 

The fused spleen/myeloma cells are cultured in a selective medium to select fused 
25 spleen/myeloma cells from the parental cells. Fused cells are separated from the 
mixture of non-fused parental cells, for example, by the addition of agents that block 
the de novo synthesis of nucleotides in the tissue culture media. Exemplary and 
preferred agents are aminopterin, methotrexate, and azaserine, Aminopterin and 
methotrexate block de novo synthesis of both purines and pyrimidines, whereas 
30 azaserine blocks only purine synthesis. Where aminopterin or methotrexate is used, 
the media is supplemented with hypoxanfhine and thymidine as a source of 
nucleotides. Where azaserine is used, the media is supplemented with hypoxanthine. 
This culturing provides a population of hybridomas from which specific hybridomas 
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are selected Typically, selection of hybridomas is perfoimed by cultuiing the cells by 
single-clone dilution in microliter plates, followed by testing the individual clonal 
supematants for reactivity with the antigenic ohgosaccharide complexes. The selected 
clones can then be propagated indefinitely to provide the monoclonal antibody. 

5 

By way of specific example, to produce an antibody of the present invention, mice are 
injected mtraperitoneally witli between about 1-200 ug of an antigen comprising the 
high-mannose oligosaccharide complex or high-mannose oligosaccharide/protein 
complex of the present invention. At some time (e.g., at least two weeks) after the 

10 first injection, mice are boosted by injection with a second dose of the antigen and 
optionally mixed with incomplete Freund's adjuvant. A few weeks after the second 
injection, mice are tail bled and tlie sera titered by immunoprecipitation against 
radiolabeled antigen. Preferably, the process of boosting and titering is repeated until 
a suitable titer is achieved. The spleen of the mouse with the highest titer is removed 

15 and the spleen lymphocytes are obtained by homogenizing tiie spleen Avith a syringe. 
Typically, a spleen firom an immunized mouse contains approximately 5X10^ to 2X 
10 ^lymphocytes. 

Mutant lymphocyte cells known as myeloma cells are obtained from laboratory 
20 animals in which such cells have been induced to grow by a variety of well-known 
methods. Myeloma cells lack the salvage pathway of nucleotide biosynthesis. 
Because myeloma cells are tumor cells, they can be propagated indefinitely in tissue 
culture, and are thus denominated immortal. Numerous cultured cell Unes of 
myeloma cells fix»m mice and rats, such as murine NS-1 myeloma cells, have been 
25 established. 

Myeloma cells are combined under conditions appropriate to foster fiision with tlie 
normal antibody-producing cells from the spleen of the mouse or rat injected with the 
antigen/oligosaccharide complexes of the present invention. Fusion conditions 
30 include, for example, the presence of polyethylene glycol. The resulting fiised cells 
are hybridoma cells. Like myeloma cells, hybridoma cells grow indefmitely in 
culture. Hybridoma cells are separated from unfiised myeloma cells by culturing in a 
selection medium such as HAT media (hypoxanthine, aminopterin, thymidine). 

17 
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Unfixsed myeloma cells lack tlie enzymes necessary to synthesize nucleotides from the 
salvage pathway because they are killed in the presence of aminopterin, methotrexate, 
or azaserine. Unfused lymphocytes also do not continue to grow in tissue culture. 
Thus, only cells that have successfully fused (hybridoma cells) can grow in the 
5 selection media. Each of the survivmg hybridoma cells produces a single antibody. 
These cells are then screened for the production of the specific antibody 
immunoreactive with an antigen/oligosaccharide complex of the present invention. 
Single cell hybridomas are isolated by limiting dilutions of the hybridomas. The 
hybridomas are serially diluted many times and, after the dilutions are allowed to 
10 grow, the supernatant is tested for the presence of the monoclonal antibody. The 
clones producing that antibody are then cultured in large amoxmts to produce an 
antibody of the present invention in convenient quantity. 

Screening Assays 

15 

In yet another aspect, the present invention contemplates a process of screening 
substances for their ability to interact with a conserved epitopic cluster of 
oligosaccharide sugars on gpl20 and created mimics of such an epitope including the 
high-maimose oligosaccharide complexes of the present invention, the process 
20 comprising the steps of providing a high-mannose ohgosaccharide complex of the 
present invention and testuag the ability of selected test substances to interact with that 
high-mannose oligosaccharide complexes of the present invention. 

The methods of the present invention make it possible to produce large quantities of a 
25 high-mamose oligosaccharide complex that mimics an epitope that immunoreacts 
with Mab 2G12 or antibodies reactive therewith for use in screening assays. 

Screening assays of the present invention generally involve determining the ability of 
a candidate test substance to bind to the high-mannose oligosaccharide complexes of 
30 the present invention. These high-mannose oligosaccharide complexes can be 
coupled to a solid support. The solid support can be agarose beads, polyacrylamide 
beads, polyacryhc beads or other solid matrices capable of being coiqjled to proteins. 
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Well known coupling agents include cyanogen bromide, carbonyidiimidazole, tosyl 
chloride, and glutaraldebyde. 



Alternatively, the present invention provides a process of detecting HIV infection, 
5 wherein the process comprises immunoreacting the biological samples comprising 
suspected HIV virus with antibodies generated and having affinity for the high- 
mannose oligosaccharide complexes of the present invention (mimicking a conserved 
cluster of oligosaccharide sugars on gpl20) to form an antibody-polypeptide conjugate 
and detecting the conjugates. 

10 

A biological sample to be screened can be a biological fluid such as extracellular or 
intracellular fluid or a cell or tissue extract or homogenate. A biological sample can 
also be an isolated cell (e.g., in culture) or a collection of ceUs such as in a tissue 
sample or histology sample. A tissue sample can be suspended in a liquid medium or 
1 5 fixed onto a solid support such as a microscope slide. 

In accordance with a screening assay process, a biological sample is exposed to an 
antibody immunoreactive with the 2G12 epitope located on gpl20 of HTV, Typically, 
the biological sample is exposed to the antibody under biological reaction conditions 

20 and for a period of time sufficient for antibody-epitope conjugate formation. 
Biological reaction conditions include ionic composition and concentration, 
temperature, pH and the like, Ionic composition and concentration can range fi-om 
that of distilled water to a 2 molal solution of NaCl. Temperature preferably is from 
about 25 °C to about 40 °C. pH is preferably from about a value of 4,0 to a value of 

25 about 9.0, more preferably from about a value of 6.5 to a value of about 8.5 and, even 
more preferably from about a value of 7.0 to a value of about 7.5. The only limit on 
biological reaction conditions is that the conditions selected allow for antibody- 
polypeptide conjugate fonnation and that the conditions do not adversely affect either 
the antibody or the peptide. 

30 

Exposure time will vary inter alia with the biological conditions used, the 
concentration of antibody and peptide and the nature of the sample (e.g., fluid or 
tissue sample). Means for determining exposure time are well known to one of 
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ordinary skill in the art. Typically, where the sample is fluid and the concentration of 
peptide in that sample is about 10 '^^ M, exposure tune is from about 10 minutes to 
about 200 minutes. 

5 The presence of a gpl20 in the biological sample is detected by detecting the 
formation and presence of antibody-peptide conjugates. Means for detecting such 
antibody-antigen (e.g., peptide) conjugates or complexes are well known in the art and 
mclude such procedures as centrifugation, affinity chromatography and the like, 
binding of a secondary antibody to the antibody-candidate peptide complex. 

10 

In one embodiment, detection is accomplished by detecting an indicator affixed to the 
antibody. Exemplary and well known sxich indicators include radioactive labels (e.g., 
32 125 14 ^ second antibody or an enzyme such as horse radish peroxidase. 
Means for aflSxing indicators to antibodies are well known in the art and available in 
1 5 commercial kits. 

EXPERIMENTAL PROCEDURES 

Example 1 

20 

The HIV-1 envelope glycoprotein gpl20 is important target for HTV-l vaccine design, 
altiiough it has been difficult to design effective immunogens that elicit neutralizing 
antibodies reactive to a broad range of HIV-1 primary isolates (1-3). 

25 In searching for conserved and accessible antigenic structures for vaccine design, 
attention was turned to the not adequately exploited target, the surface carbohydrate 
structures of fflV-1 gpl20. HIV-1 gpl20 contains high numbers of high-mannose type 
N-glycans, most of which are conserved among HIV-1 isolates. Molecular modeling 
studies suggest that these otherwise discontinuous carbohydrate moieties are clustered 

30 together on folded gpl20 to form a imique oligosaccharide microdomain. In addition, 
the discontinuous epitopes of the broadly neutralizing antibody 2G12 were mapped in 
the high-mannose N-glycosylation sites. 
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The goal of the present invention was to develop an effective anti-HIV vaccine 
through targeting unique carbohydrate structures present on HIV-1 and incorporating 
this novel carbohydrate antigenic structure into an HIV-1 vaccine. The general 
structure of such a vaccine is shown in Figure 2, where Mang represents the major 
5 high-mannose type oligosaccharide structure found on HIV-1 gpl20, and KLH 
(keyhole limpet hemocyanin) is a potent immune-stimulating carrier protein. 

A novel high-mamiose oligosaccharide cluster is assembled using a scaffold approach 
that has been previously used for constructing multivalent peptides (43). As stated 
10 above, carbohydrates themselves are generally poor immunogens, which may explain 
why 2G12-like neutralizing antibodies are rare in natm*al infection. However, 
conjugation of the designed carbohydrate antigen to an immunogenic protein such as 
KLH has the ability to render the designed carbohydrate antigen highly immunogenic. 

15 Carbohydrate-based conjugate vaccines have been developed for eliciting protective 
immune responses against pathogens such as bacteria (53). However, heretofore 
carbohydrate antigens have not been adequately exploited for HIV-1 vaccine design, 
despite their abundance on the HTV-l surface. 

20 The synthesis of the designed carbohydrate-based conjugate vaccine requires a 
relatively large quantity of the Man9 oUgosaccharides. Man9GlcNAc2Asn was 
originally prepared from soybean agglutinin (SBA) through pronase digestion for 
structural analysis (54, 55). Man9GlcNAc2Asn from SBA has been used for 
chemoenzymatic synthesis of high-mannose type glycopeptides (56, 57). For the 

25 purpose of synthesizing the carbohydrate-conjugate vaccine, a modified procedure has 
been established that allows for the efficient preparation of MangGlcNAczAm on a 
relatively large scale. 

Crude SBA was obtained by fractional precipitation of non-processed soybean flour 
30 (Sigma) with ammonium sulfate (55-65%). The crude SBA was then subject to 
thorough digestion with pronase (Sigma). High-Performance Anion-Exchange 
chromatography (HPAEC) with Pulsed Electrochemical Detection (PED) was used to 
monitor the digestion process. A 48h digestion led to tiie conversion of only half of 
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flie Man9 oligosaccharide into the form of Man9GlcNAc2Asn; the rest are in the forms 
of glycopeptides with several amino acid residues attached, which are relatively 
difficult to digest Complete digestion of protein/peptides was achieved through 
adding extra portions of pronase at intervals and using elongated digestion time (7 
5 days). The final product, Man9GlcNAc2Asn, was readily isolated by gel filtration 
chromatogi'aphy on a column of SEPHADEX G-50 wifli 0.1 M acetic acid as the 
eluent. The isolated product was characterized by 'H-NMR, ESI-MS, and 
carbohydrate compositional analysis. From 2 kg of soybean flour, about 180 mg of 
pure Man9GlcNAc2Asn was obtained and the preparation can be readily scaled up. 
10 Next, we selectively protected the free amino group of Asn by reacting 
Man9GlcNAc2Asn with acetic anhydride in aqueous sodium bicarbonate to give the 
acetylated Man9GIcNAc2Asn (1) in 85% yield (Figure 3). Compound 1, with a free 
carboxyl group in the molecule, is now suitable for coupling to a scaffold to form a 
clustered high-mannose oligosaccharide structure. 

15 

ReUable methods have been established for selective modification of 
monosaccharides, which have been used as scaffolds (templates) to assemble 
multivalent gp41 peptides (43). Compared with other scaffold molecules, 
monosaccharides have a rigid ring structure and allow the display of the antigenic 
20 structures m a defined, three-dimensional format. The sugar-scaffold approach is used 
for the synthesis of the disclosed high-mannose oUgosaccharide cluster, 

A galactose-based template is synthesized, compoimd 6, which contains four amino 
fimctionalities on the arms that are arranged in a clustered format and are suitable for 
25 attachment of four copies of liigh-mannose oligosaccharide chains. In addition, 
compound 6 has a carboxyl functionahty in the aglycon portion that is used for 
selective conjugation to a carrier protein (Figure 4). 

To prepare compound 6 as shown in Figure 4, a precursor compound (4) is 
30 synthesized. Briefly, an azido fiinctionaUty was introduced in the aglycon portion of 
galactose in two steps: 1) refl\ixing galactose in chloroethanol to form chloroethyl a- 
galactoside and 2) substitution of the chloro atom with sodium azide to give 
compound 2 in 78% yield from galactose. Allylation of compound 2 with allyl 
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bromide/NaH in DMF afforded compound 3 in 88% yield. Reduction of the azido 
group in compound 3 with triphenylphosphine gave compound 4 in 45% yield. All 
the compounds were purified by silica gel chromatography and characterized by NMR 
and MS. To complete the synthesis of compound 6, compound 4 is coupled with 
succinic acid monomethyl ester to provide compound 5. Four amino functionalities 
are then introduced by photoaddition of cysteamine to the allyl groups to give the 
template 6 (Figure 4). Photoaddition of thiols to allyl groups is a very mild reaction 
for functional group transformations and we have previously used this reaction to 
prepare cyclodextrin-based polyamines and monosaccharide templates for multivalent 
peptide assembling (43, 58). 

Various methods for the coupling of compound 6 with the N-acetylated 
Man9GlcNAc2Asn (1), which is prepared as described for (Figure 3), are available 
(Figure 5). HBTU is used as a coupling reagent. HBTU is a powerful coupling 
reagent for peptide bond formation and was successfully used for coupling large, 

unprotected oligosaccharide glycosylamine with carboxyl groups in peptides (59, 60). 
The coupling reagent such as l-ethyl-3-(3 dimethylaminopropyl) carbodiimide 
hydrocholoride (EDC) is used to establish optimized conditions for assembly of the 
cluster. The reactions are monitored using HPLC analysis (reverse phase and size- 
exclusion). 

Conjugation of synthetic carbohydrate antigens to an immune-stimulating carrier 
protein was accomplished by reductive amination which was shown to be a reliable 
method for conjugation. Reductive amination is used to conjugate the high-mannose 
oligosaccharide cluster to KLH. An aldehyde functionality is introduced into the 
high-mannose oligosaccharide cluster 7. This is achieved through several steps of 
chemical transformations of 7 (Figure 6). 

First, the ester functionality in compound 7 is hydrolyzed to provide a free carboxyUc 
acid, which is then reacted with 2-ammoacetaldhyde dibenzyl acetal to give 
compound 8. The benzyl groups in compound 8 are selectively removed by palladium 
catalyzed hydrogenation to give compound 9, with a free aldehyde functionaUty in the 
molecule. Finally reductive amination between compound 9 and KLH is performed 
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with sodium cyanoborohydride (NaCNBllS) in a phosphate buffer. The conjugate- 
vaccine 10a is isolated by dialysis followed by lyophilization. The ratio of antigen to 
carrier protein is determined by carbohydrate analysis and protein assay. In addition, 
the coupling of aldehyde 9 to human serum albumin (HSA) is performed in the same 
5 way to provide the carbohydrate-HSA conjugate (Figure 6). Free carbohydrate 
antigens are difificult to immobilize in ELISA wells because of their very low affinity 
to plastic surface. The carbohydrate-HSA conjugate 10b is used as a coating antigen 
for evaluating inomune responses in ELIS As. 

10 For comparative studies, a high-mannose oligosaccharide antigen, the N-acetylated 
Man9GIcNAc2Asn (1), is directly conjugated to KLH or HSA (Figure 7). The 
aldehyde functional group is introduced into compound 1 in two steps: reaction of 
compound 1 with 2-ammoacetaldehyde dibenzyl acetal to give compound 11 and 
subsequent removal of the benzyl groups by hydrogenation to give the aldehyde 

15 derivative compound 12. The conjugation of compound 12 to KLH and HSA is 
performed through reductive amination m the same way as for the preparation of 
conjugates 10a and 10b, to provide the Mang-KLH conjugate 13a and Mang-HSA 
conjugate 13b, respectively. 

20 Example 2 

As a crucial step to include the novel carbohydrate antigen into HTV-l vaccine design, 
the high-mannose oUgosaccharide cluster is duplicated through chemical synthesis. 
Assembly of the high-mannose oligosaccharide chains on a suitable scaffold molecule 

25 in a defined spatial orientation would provide novel oligosaccharide clusters that 
mimic or capture the actual structure of the carbohydrate antigen as present on native 
HIV-1 gpl20. A general design of such a clustering antigenic structure is shown in 
Figure 1, where four strands of the major HIV-1 high-mannose type oligosaccharide, 
Man5GlcNAc2, are presented on a galactoside scaffold. Herein is disclosed an 

30 efficient synthesis of the tetravalent high-mannose oligosaccharide cluster and a 
related bivalent oUgosaccharide cluster. 
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In recent years, many glycol-clusters were synthesized to study the multivalency and 
clustering effects in carbohydrate-protein interactions (71). But only a few involve the 
synthesis of glycol-clusters of large oligosaccharide (73). To construct the designed 
high-mannose oligosaccharide clusters, we took advantage of the highly efficient 

5 thiol-maleimide ligation reaction as the key step, which we have recently exploited for 
the synthesis of very large and complex multivalent peptides (74). The high-mamiose 
type oligosaccharide found on HIV-1, Man9GlcNAc2Asn 1, was prepared through 
digestion of soybean agglutinin, which was isolated from soybean flour, according to 
the published method (75). The purified M9GN2Asn was identical to an authentic 

1 0 sample and was further characterized by electrospray ionization mass 

Spectroscopy (ESI-MS) [1998.73 (M+H)^ 999.69 9M+2H)^^ 918.65 (M-Man+2H)^^ 
837.68 (M-2Man+2H)^^ 756.70 (M-3Man+2H)^^, 675.52 (M-4Man+2H)^'', 594.61 
(M-5Man4-2H)^^]. For the hgation as shown in Figure 9, a sulfhydryl group was 
15 successfully introduced into the oligosaccharide in two steps (Scheme 1). First, the 
amino group m Man9GlcNAc2Asn (1) was selectively acylated with N-succinimidyl 

S-acetylthioacetate (SATS)75 in a phosphate buffer (pH 7.4) containing 30% 
acetonitrile to give the N-(S-acetyl-thioacetyl) derivative (3) [ESI-MS: 2114.55 
(M+H)^, 1057.66 (M+2H)^^ 976.55 (M-Man+2H)2+, 895.45 (M-2Man+2H)^ 815.54 

20 (M-3Man+2H)^^ 733.43 (M-4Man+2H)^ 652.39 (M-5Man+2HI)^ 571.34 (M- 
6Man+2H)^"^. As shown in Figure 9, the thiol-protective group in compound 3 was 
flien removed by treatment with hydroxylamine in a phosphate buffer (pH 7.5) to 
afford the thiol compound 4, which was purified by HPLC and characterized by ESI- 
MS [2072.56 (M+H)^, 1036.71 (M+2H)^^ 955.68 (M-Man+2H)^+, 874.71 (M- 

25 2Man+2H)^^ 793.66 (M-3Man-l-2H)^^ 712.56 (M-4Man+2H)^'', 631^51(M- 
5Man+2H) , 550.66 (M-6Man+2H) % The oligosaccharide derivative 4, which 
contains a sulfhydryl tag at the reducing terminus, is an important intermediate for 
synthesizing useful glycol-clusters of high-mannose type oligosaccharides. 

30 A galactoside-based, tetravalent maleimide cluster 5 had been previously synthesized 
(73). The ligation between the maleimide cluster 5 and the thiol 4 was performed in a 
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phosphate buffer (pH 6.6) containing 40% acetomtrile to afford the desired tetravalent 
oligosaccharide cluster 6 (Scheme 2). Briefly, procedures for the preparation of the 
oligosaccharide cluster 6 axe as follows. To a solution of thiol 4 ((7.60 mg, 3.67 mnol) 
in a phosphate buffer (pH, 6.6, 50 mM, 1.2 ml) was added a solution of the galactose- 

5 based maleimide cluster 5 (shown in Figure 10)(0.67 mg, 0.46 wmol) in acetonitrile 
(0.8 ml). The mixture was kept at room temperature mder nitrogen atmosphere. 
After I h. The mixture was lyophihzed. The residue was purified by reverse-phase 
HPLC to afford the tetravalent high-mannose oligosaccharide cluster 6 (3.60 mg, 
81%). The purified product appeared as a single peak at 16.10 min under the 

10 following analytical HPLC conditions: column, Waters Nova-Pak C18 (3.9 x 
150mm); temperature, 40*^0; flow rate, 1 ml/min. The column was eluted with a 
linear gradient of acetonitrile (0-50%) containing 0.1% TFA in 25min. 

HPLC revealed that the ligation was quantitative and was complete within 1 h at room 
15 temperature. A simple HPLC purification gave tiie tetravalent high-mannose type 
oligosaccharide cluster 6 in 81% isolated yield. The ESI-MS and HPLC profile of 
compound 6 was shown in Figure 12. Typical fragments of compound 6 in ESI-MS 
are 2435.35 (M.'\-4Sf\ 2394.95 (M-Man+4H)\ 1948.28 (M+5H)^^ 1915.85 (M- 
Man+5H)^'*', and 1883.75 (M-2MaQ+5ir)^\ which are m agreement witii its structure. 

20 

The synthetic approach should be equally efficient for constructing an array of 
different oligosaccharide clusters on varied monosaccharides or other scaffolds. As 
another example, we synthesized a bivalent high-mannose oligosaccharide cluster 3 
that will be useful for comparative binding studies with the antibody 2G12. Thus, 
25 ligation of the thiol 4 and a bivalent scaffold 11-bis-maleimidetetraethyleneglycol 
BM(PB0)4) (7) shown in Figure 11, gave the bivalent oligosaccharide cluster 8 in 
essentially quantitative yield. Compound 8 was purified by HPLC and characterized 
by ESI-MS [2248.78 (M+2H)^^ 1499A9 (M+SH)^"*", 1445.45 (M-Man+3H)\ 1391.28 
(M-2Man+3H)^'', 1337.44 (M-3Man+3H)^'', 1283.27 (M-4Man+3H)3]. 

30 

In summary, an efficient route for the constmction of glycol-clusters involving large, 
native oligosaccharides is disclosed. The approach consists of two key steps: selective 
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introduction of a SH-tag into the oligosaccharide and a chemoselective ligation of the 
SH-tagged oligosaccharide with a maleimide cluster. The ligation reaction is rapid, 
highly efficient, and essentially quantitative even when very large oligosaccharides are 
involved. A galactose-based, tetravalent high-mannose type oligosaccharide cluster 
5 (in which four strands of the oUgosaccharide are arranged in a defined spatial 
orientation on the galactose scaffold has been synthesized. The tetravalent 
oUgosaccharide cluster provides a direct mimic to the carbohydrate epitope of the 
broadly HIV-1 neutralizing antibody 2G12. 

10 Example 3 

Methods and Materials 

Materials: 

15 

Monosaccharides, pronase, Sephadex, trifluoroacetic acid, and reagents for EUSAs 
and buffers were purchased from Sigma-Aldrich and used as received. N-succinimidyl 
S-acetylthioacetate was fiom Pierce Chemical Co. HPLC grade acetonitrile was 
purchased from Fisher Scientific. The immobihzed endo-P-N-acetyl-glucosamiiiidase 
20 from Arthrobactor (Endo-A) was overproduced and purified according to the literature 
(79). 

Hieh-performance liquid chromatoeraphv (HPLCV. Unless otherwise specified, 
analytical HPLC was carried out on a Waters 626 HPLC instrument under the 

25 following conditions: column, Waters Nova-Pak C18 (3.9xl50mm); temperature, 
40'*C; flow rate, 1 ml/mm. The column was eluted with a linear gradient of 
acetonitrile (0-50%) containing 0.1% TFA in 25 min with UV detection at 214 nm. 
Prq)arative HPLC was performed on a Waters 600 HPLC instrument with a 
preparative C18 column (Waters Symmetry 300, 19x300 mm). The column was 

30 eluted with a suitable gradient of water-acetonitrile containing 0.1% TFA. 

High-perfonnaTice anion exchange chrom ato graphy coupled with pulsed 
electrochemical detection fHPAEC-PEDV. 
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The analytical anion-exchange chromatography was performed on a Dionex D3t600 
chromatography system (Dionex Corporation, Siumyvale, Calif.) equipped with an 
electrochemical detector (ED50, Dionex Corporation, Sunnyvale, Calif.). The 
5 following conditions were used: column, CarboPac-PAl (4x250mm); Eluent A, 0.1 M 
NaOH; Eluent B, 1 M sodium acetate (NaOAc) in 0.1 M NaOH; Gradient: 0-5 min, 
0% B; 5-25 min, 0-15%B. Flow rate, 1 ml/min. 

Competitive enzvme-linked immunosorbent assays fELISAsV 

10 

Competitive ELISAs were performed to determine tiie relative inhibition potency of 
various carbohydrate antigens against the binding of 2G12 to gpl20. Microtiter plates 
were coated with human cell line 293-expressed HTV-lmB gpl20 (100 ng/ml) 
overnight at 4°C. After washing, non-specific binding was blocked with 5% BSA in 

15 PBS for 1 h at room temperature. The plates were then washed three times with 0.1% 
Tween-20/PBS. Serial dilutions (1:2) of various carbohydrate antigens were mixed 
with an equal volume of MAb 2G12 (fixed final concentration of 5 ng/ml) and added 
to the plates. The plates were incubated for 1 h at 3TC and washed with washing 
buffer. To the plates was added a 100-fil solution of 1:3000 diluted horseradish 

20 peroxidase-conjugated goat anti-human IgG in 0.5%BSAyPBS. After incubation for 1 
h at 37°C, the plates were washed again and a lOO-^il solution of 3,3',5,5'-tetramethyl 
benzidine (TMB) was added. Color was allowed to develop for 5 min, and the color 
reaction was quenched through adding a 100-|il solution of 0.5 M H2SO4 to each well. 
The optical density was then measured at 450 nm. 

25 

Preparation of homogeneous hish-mannose tvpe oligosaccharides. 

Man9GlcNAc2Asn and ManpGlcNAc were prepared by enzymatic digestion of 
soybean agglutinin followed by chromatographic purification. Crude soybean 
agglutinin (3.2 g) was obtained fi-om 500 g of soybean flour (Sigma) through 
30 firactional precipitation with ammonium sulfate and digested thoroughly with pronase 
(2x15 mg, Sigma) according to the literature (74). The digestion was filtered and the 
filtrate was lyophilized. The residue was loaded onto a colunrn (1.5 x 70 cm) of 
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Sephadex G50 (Sigma), which was pre-equilibrated and eluted with O.IM AcOH. 
The fractions containing Man9GlcNAc2Asn were pooled and lyophilized. The 
material was finally purified by reverse-phase HPLC to afford homogeneous 
Man9GlcNAc2Asn (55 mg) as a white powder after lyophilization. Treatment of 
5 ManpGlcNAcaAsn (20 mg) with immobilized Arthrobactor endo-p-N- 
acetylglucosaminidase (Endo-A) in an acetate buffer (pH 6.0), followed by gel 
filtration on a colunrn (1.5 x 50 cm) of Sephadex G25 gave pure MaupGlcNAc (12 
mg). 

Homogeneous MansGlcNAc and Man^GlcNAc were obtained firom pronase digestion 
of chicken ovalbumin followed by chromatographic purification. Chicken ovalbumin 
(Sigma) was digested with pronase to provide a crude mixture of Mans- and Mane- 
containing glycopeptides, according to the literature (80). A crude glycopeptide (350 
mg) was treated with immobilized Endo-A to release MansGlcNAc and ManeGlcNAc 
as a mixture. The two oligosaccharides were then separated by chromatography on a 
column (1 x 125 cm) of Celite-Charcoal (1:1, w/w), which was eluted by a gradient of 
0-20% aqueous ethanol to give pure MansGlcNAc (25 mg) and pure ManeGlcNAc (30 
mg). The purity of the above isolated oligosaccharides was confirmed by HPAEC- 
PED and their identity was characterized by electron spray ionization mass 
spectrometry (ESI-MS). 

20 Man9GlcNAc2Asn: HPAEC-PED, tR 17.1 min; ESI-MS: calcd. for C74H124N4O58: 
1997.77. Found: 1998.73 (M+H)"", 999,69 (M+2H)^'', 918.65 (M-Man+2H)2^ 
(M-.2Man+2H)^^ 756.70 (M-3Man+2H)^^ 675.52 (M-4Man+2H)^'', 594.61 (M- 
5Man+2H)^''. 

MansGlcNAc: HPAEC-PED, t^ 16.9 min; ESI-MS, calcd. for C62H105NO51: 1679.57, 
25 Found: 1680.80 (M+H)^ 1518.64 (M-Man+H)^ 1356.72 (M-2Man+H)'", 1 194.54 (M- 
3Man+H)^ 1032.60 (M-4Man+H)'', 841.36 (M+2H)^^. 

MansGlcNAc: HPAEC-PED, tR 15.9 min; ESI-MS, calcd. for C44H75NO36: 1193.41. 
Found: 1216.84 (M+Na)^ 1194.81 (M+H)^ 608.99 (M+2Na)'^ 



29 



10 



15 



wo 2004/033663 



PCT/US2003/032496 



MansGlcNAc: HPAEC-PED. ta 15.3 min; ESI-MS, calcd for CasHesNOai: 1031.35. 
Found: 1054.70 (M+Na)"", 1032.79 (M+H)"*, 528.07 (M+2Naf ^ 

Preparation of the SH-tag ged Mano oligosaccharide fManQGlcNAc7Asn-Ac-SID. 

5 

To a solution of Man9GlcNAc2Asn (32 mg) in a phosphate buffer (3 ml, pH 7.4) 
containing 20% acetonitrile was added a solution of N-succinimidyl S- 
acetylthioacetate (20) (22 mg) in acetonitrile (0.5 ml). The mixture was stirred at 
room temperature for Ih and lyophilized. The product was purified by reverse phase- 
10 HPLC to give the N-(S-acetyl-thioacetyl) Man9GlcNAc2Asn derivative (26 mg): 
analytical HPLC (gradient: 0-30% acetonitrile containing 0.1% TFA in 25 mm; flow 
rate, 1 ml/min): tR 6.3 min; ESI-MS: 2114.55 (M+H)^ 1057.66 (M+2H)^\ 976.55 
(M-Man+2H)^\ 895.45 (M-2Man+2H)^^ 815.54 (M-3Man-i-2H)^^ 733.43 (M- 
4Man+2H)^^ 652.39 (M-5Man+2H)^^ 571.34 (M-6Man+2H)^^. 

15 

A solution of the N-(S-acetyl-thioacetyl) derivative (20 mg) in a phosphate buffer (2 
ml, 50 mM, pH 7.4) containing hydroxylamine (50 mM) was stirred at room 
temperature for 2h, and the De-S-acetylated product was directly purified by reverse 
phase HPLC to give the SH-tagged oligosaccharide ManpGlcNAcaAsn-Ac-SH (15 
20 mg), which was characterized by HPLC and ESI-MS, Analytical HPLC (gradient: 0- 
30% acetonitrile containing 0.1% TFA in 25 min, flow rate, 1 ml/min): tR 2.7 min; 
BSI-MS: 2072.56 (M+H)"", 1036.71 (M+2H)^^ 955.68 (M-Man+2H)2^ 874.71 (M- 
2Man+2H)^'', 793.66 (M-3Man+2H)^^,. 712.56 (M-4Man+2H)^"', 631.51 (M- 
5Man+2H)^^ 550.66 (M-6Man+2H)^''. 

25 

Synthesis of tetravalent oligomaimose cluster fTetra-ManoV 

To a solution of MangGlcNAcaAsn-Ac-SH (7.60 mg, 3.67 jimol) in a phosphate 
buffer (pH, 6.6, 50 mM, 1.2 ml) was added a solution of ttie galactose-based 
30 maleimide cluster MC-1 (0.67 mg, 0,46 )4mol) in acetonitrile (0.8 ml). The mixture 
was gently shaken at room temperature under nitrogen atmosphere for 1 h. The 
mixture was then lyophilized. The ligation product was purified by reverse-phase 
HPLC to afford Tetra-Man9 (3.60 mg, 81%). Analytical HPLC: tR, 16.1 min; ESI-MS: 

30 
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2435.35 (M+4H)^ 2395.15 (M-Man+4H)^^ 1948.28 (M+5H)^ 1915.85 (M- 
Man+SH)^"*", aiid 1883.75 (M-2Man+5H)^^, which are in agreement with its structure. 

Synthesis of trivalent oligomannose cluster (Tri-Mano).. 

5 

The trivalent maleimide cluster MC-3 (1.0 mg) and Man9GlcNAc2Asn-Ac-SH (8.0 
mg) were reacted in the same way as for the preparation of Tetra-Man9. The ligation 
product was purified by reverse-phase HPLC to give the Tri-Man9 (7.3 mg, 82%). 
Analytical HPLC, tj^ 15.5 min; ESI-MS: 2457.90 (M+3H)^^ 1843.64 (M+4H)^^ 
10 1802.92 (M-Man+4H)^^ 1762.68 (M[-2Man-f4H)^^ 1722.10 (M-3Man-^4H)^^ 
1681.79 (M-4Man+4H)'*''. 

Synthesis of bivalent oligomannose cluster rBi-ManoV 

15 The bivalent maleimide cluster MC-2 (1.3 mg) and Man9GlcNAc2Asn-Ac-SH (9.4 
mg) were reacted in the same way as for the preparation of Tetra-Mang. The hgation 
product was purified by reverse-phase HPLC to give the Bi-Man9 (6.1mg, 80%). 
Analytical HPLC, tR, 15.4 min; ES-MS: 2502.12 (M+2H)^^ 1668.22 (M+3H)^^ 
1614.19 (M-Man+3H)^'', 1560.24 CM-2Man+3H)^^ 1506.01 (M-3Man+3H)^, 

20 1452.54 (M-4Man+3H)^'". 

Preparation of Mang-dimer 

MangGlcNAcaAsn-Ac-SH (8 mg) was dissolved in a phosphate buffer (2 ml, 50 mM, 
pH 7.5) and air was bubbled into tiie solution for 10 min. The solution was kept at 

25 room temperature overnight. The oxidized product thus formed was purified by 
reverse phase HPLC to give the Man9-dmier (5,6 mg). Analytical HPLC (gradient: 0- 
30% acetonitrile containing 0.1% TFA in 25 min, flow rate, 1 ml/min): tR 5.3 min; 
ESI-MS: 2072.0 (M+2H)^ 1381.6 (M+3H)^^ 1327.5 (M-Man+3H)'^ 1273.4 (M- 
2Man+3H)^\ 1219.45 (M-3Man+3H)^^ 1165.41 (M-4Man+3H)^^ 1111.2 (M- 

30 5Man+3H)^'". 

Binding of homogeneous high-niar>nose type oligosaccharides to 2G12 
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Structural analysis indicated that the high-mannose type oligosaccharides on HIV-1 
gpl20 are heterogeneous, ranging from Mans, Mane, Many, Mans, to Manp (81-83). 
However, isolation of individual high-mannose oligosaccharides directly from HIV-1 
gpl20 is technically difficult. To evaluate the affinity of each glycoform in 2G12 

5 interaction, we isolated three typical high-mannose type oligosaccharides, namely 
MansGlcNAc, ManeGlcNAc, and Man9GlcNAc, as shown in Figure 13 in high-purity 
from chicken ovalbumin and soybean agglutinin, respectively. The mixture of 
MausGlcNAc and MangGlcNAc obtained by sequential treatment of chicken 
ovalbumin with pronase and Arthrobactor endo-P-N-acetylglucosaminidase (Endo-A) 

10 was carefully separated on a CeUte-Carbon chromatography to afford each 
oligosaccharide. Based on HPAEC-PED analysis, the MansGlcNAc and 
MansGlcNAc thus isolated are at least 98% pure without cross contamination (data 
not shown). Similarly, ultra-pure Man9GlcNAc was obtained through sequential 
digestion of soybean agglutinin with pronase and Endo-A, followed by gel filtration 

15 on Sephadex G25 and reverse phase HPLC purification. 

Tlie binding affinity of the high-mannose oligosaccharides was examined by 
competitive inhibition of 2G12 binding to immobilized gpl20, as shown in Figure 14. 
The IC50 (concentiation for 50% inhibition) for MangGlcNAc, Man6GlcNAc, and 

20 MansGlcNAc were estimated to be 0.85, 70, and 200 mM, respectively. It should be 
pomted out that the solubility of MansGlCNAc and MansGlcNAc in aqueous solution 
is unexpectedly low (less than 80 mM). As a result, the IC50 for ManiGlcNAc and 
MancGlcNAc could not be accurately determined. On a molar basis, the Man9GINAc 
was 85-fold and 244-fold more effective m inhibition of 2G12 binding than 

25 MansGlcNAc and MansGlcNAc, respectively. These results suggest that antibody 
2G12 preferably recognizes Manp moiety among the oUgomannose glycoforms on 
HIV-1 gpl20. The much higher affinity of MangGlcNAc to 2G12 than that of 
MansGlcNAc and Man6GlcNAc impUcates the importance of terminal Manal,2Man 
linkages in antibody recognition. In comparison, Man9GlcNAc contains three 

30 temiinal Manal,2Man linkages, Man6GlcNAc contains one Manal,2Man linkage, 
but MansGlcNAc does not have any terminal Manal,2Man linkage. The results are 
consistent with previous observation that the Manal,2Man moiety on HIV-1 gpl20 is 
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an essential component of 2G12 epitope, as revealed by the binding of various 
glycosidase-treated gpl20 with 2G12 (83). 



Design and synthesis of oligomannose clusters as mimics of 2G12 epitope 

5 

The binding studies with homogeneous high-mannose type oligosaccharides 
demonstrated that the Man9 subunit is preferred for 2G12 recognition. As an 
important step to incorporate the novel epitope into HIV-1 vaccine design, the 
proposed oligomannose cluster was duplicated through chemical synthesis. The 

10 assembly of oligomannose such as Mang on a suitable scaffold molecule was 
generated to provide oligosaccharide clusters that may mimic or capture 2G12 epitope 
as present on HIV-1 gpl20. Bi-, tri- and tetra-valent Mang clusters were synthesized 
based on a galactopyranoside scaffold as shown in Figure 15. Compared to other 
types of molecules, monosaccharides have several advantages to serve as a scaffold, 

15 They have a rigid ring structure, possess multiple functionalities, and provide a 
defibaed three-dimensional spatial arrangement of substituents. When a 
galactopyranoside is used as the scaiOFold to present the oligosaccharides, the 
oligosaccharide chains being installed at C-3, 4, and 6 positions will face up above the 
sugar ring to fonn a cluster, while the oligomannose sugar chain at position C-2 is 

20 likely to be located on the flank of the cluster. This arrangement was determined to 
mimic the spatial orientation of the carbohydrate epitope of antibody 2G12. Based on 
the reported stmctiire (21) of gpl20 core with remodeled N-glycans, the distances 
between the asparagines (Asn) side chains of the pairs N295-N332, N332-N392, and 
N295-N392 are estimated to be 5.8, 20.3, and 23.6 A, respectively. A 

25 Man9GlcNAc2Asn moiety was positioned on a synthesized galactose-based maleimide 
cluster previously synthesized by the current inventor (83). It was found that the 
maleimide cluster can host four ManpGlcNAciAsn moieties, in which the distances 
among the Asn residues are in the range of 8-30 A (data not shown). 

30 The key step in the synthesis is the chemoselective, maleimide cluster-thiol Ugation 
reaction, which was recently exploited for the synthesis of large multivalent peptides 
and glycoconjugates (83-84). To introduce a sulfhydryl (SH)-tag into the 
oligomannose moiety, the free amino group in MangGlcNAciAsn was first acylated 
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with N-succinimidyl S-acetylthioacetate (SATS) (86) to give the N-(S-acetyl- 
thioacetyl) derivative. The S-acetyl group was then removed selectively hy treatment 
with hydroxylamine to afford the SH-containing oUgosaccharide, Man9GlcNAc2Asn- 
Ac-SH. The synthesis of the tetravalent maleimide cluster MC-1 was previously 

5 reported. The bi- and tri-valent maleimide cluster MC-2 and MC-3 were synthesized 
in a similar way starting with modified galactoside scaffold (Details of the synthesis 
will be reported elsewhere). Chemoselective ligation between the Man9GlcNAc2Asn- 
Ac-SH and the maleimide cluster MC-1 was performed in a phosphate buffer (pH 
6.6). HPLC monitoring indicated that the ligation was quantitative and was complete 

10 within 1 h at room temperature. Simple reverse phase HPLC purification gave the 
tetravalent oligomannose clust^ Tetra-Manp in 81% yield. The structure of Tetra- 
Mang was characterized by electron spray ionization-mass spectroscopy (ESI-MS) 
(Figure 12). The ESI-MS spectrum revealed typical signals at 2435.35 (M+4H)'^"*', 
2395.15 (M-Man+4H)^^ 1948.28 (M+5H)^^ 1915.85 (M-Man+5H)^^ and 1883.75 

1 5 (M-2Man+5H)^**', which are in agreement with the stracture. 

Similarly, the bi- and trivalent Man9 clusters, Bi-Man9 and Tri-Man9, were 
synthesized through hgation of Man9GlcNAc2Asn-Ac-SH with the maleimide clusters 
MC-2 and MC-3, respectively. On the other hand, a dimmer of Man9GlcNAc2Asn 
20 was prepared through oxidation of Man9GlcNAc2Asn-Ac-SH to give the Man9-dimer 
(Figure 15). All the fmal products were purified by HPLC to homogeneity and 
characterized by ESI-MS. 

Binding of the synthetic Mang-clusters to 2G12 

25 

The synthetic Man9-clusters were e?camined for competitive inhibition of 2G12 
binding to immobiUzed gpl20 (Figure 16). A significant clustering effect was 
observed for the Mang-clusters as shown m Table 1 below. 

30 Potency on carbohydrate inhibition of 2G12 bmding to gpl20 
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Carbohydrate antieens 


IC50 


Relative Affinity 




(nM) 


Molar basis 


Valency-corrected 


MansGlcNAc 


200 estimated 


0.004 


0.004 


ManfiGlcNAc 


70 


0.012 


0.012 


MaxijGlcNAc 


0.98 


0.84 


0.84 


Man9GlcNAc2Asn 


0.82 


1.0 


1.0 


Man9-dimer 


0.40 


2.1 


1.0 


Bi-Man9 


0.13 


6.3 


3.2 


Tri-Man9 


0.044 


18.6 


6.2 


Tetra-Man9 


0.013 


63.1 


15.8 



If ICso is taken as an indication for relative affinity (Table 1), the Tetra-Mang was 
found to inhibit the 2G12 binding 63-fold more effectively than monomeric 

5 Man9GlcNAc2Asn does on a molai- basis. This corresponds to a 16-fold increase in 
the affinity to 2G12 for each oligosaccharide subunit in Tetra-Man9 on a valence- 
corrected basis, when compared with monomeric MaiiQ. On the other hand, the 
trivalent cluster Tri-Mang was 19-fold (on a molar basis) or 6-fold (on a valence- 
corrected basis) more effective tlian ManpGlcNAcaAsn in inhibition of 2G12 binding 

10 to gpl20. Interestingly, for the two bivalent oUgosacchaiides Bi-Manp and Man9- 
dimer, they showed significantly different affinity toward 2G12. The Man^dimer 
inhibited the 2G12-binding 2-fold more eflfectively than Man9GlcNAc2Asn, while the 
Bi-Man9 was 6-fold better than Manp. This suggests tliat the geometry and the distance 
between the two oligomannose subunits are important factors in controlling antibody 

15 recognition. It was also found that the subunit Man9GlcNAc and Man9GlcNAc2Asn 
showed essentially the same aflBnity for 2G12 binding. The data suggest that the 
GlcNAc-Asn moiety hnking the oUgosaccharide to the protein is not directly involved 
in the recognition with 2G12. The observation could not be revealed tlorough 
mutagenesis studies. 

20 

The 2G12 binding studies demonstrated that Man9GlNAc is 85- and 244-fold more 
effective than Man^GlcNAc and MansGlcNAc, respectively, in inhibition of 2G12 
binding to gpl20. Therefore, ohgomannose Manp should be the 'iDuilding block" of 
choice for creating mimics of 2G12's epitope. The established scaffold approach of 
25 ttie present invention allows efficient synthesis of template-assembled oligosaccharide 
clusters, in which the oligomannose sugar chains are presented in a defined three- 
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dimensional fashion. Thus, bi-, tii-, and tetra-valent oligomannose clusters were 
efficientiy constructed on a galactose scaffold, using the chemoselective maleinaide 
cluster-thiol ligation as the key step. 

5 An apparent clustering effect of the oligomannose clusters was observed in the 
inhibition studies. The tetia-, tri-, and bi-valent oligomannose clusters are 63-, 19-, 
and 6-fold more effectively than the monomeric Man9GlcNAc2Asn in inhibition of 
2G12 bindmg to gpl20 on a molar basis. The enhanced affinity for the clusters with 
higher valency suggests that antibody 2G12 may have multiple binding sites for the 

10 caibohydrate antigen. The observed enhancement m 2G12 binding for the higher- 
valent oligomannose clusters is consistent with the existence of additional bindmg 
sites on 2G12 for carbohydrate antigen. Another interestmg finding in the above 
reported binding studies came firom the two bivalent oligomannose compounds, Bi- 
Man9 and Mang-dimer. They showed significantly different binding potency to 2G12 ' 

15 despite the same valency. TheBi-Man9is 3-fold more effective than Man9-dimer in 
inhibition of 2G12 binding to gpl20. The results suggest that flie control of geometry 
and distance of the subunits is important to achieve a tight multivalent interaction 
between the carbohydrate antigen and the antibody. As such modification and 
manipulation of the spatial orientation of ohgomannose sugar chains on the scaffold 

20 provides for improved epitope mimics and increase affinity of gpl20 to the epitope 
mimics relative to 2G12. 
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